The AgNOR proteins: qualitative and quantitative changes during the cell cycle.
AgNOR proteins are a set of argyrophilic nucleolar proteins that accumulate in highly proliferating cells whereas their expression is very low in non-proliferating cells. Some of these proteins remain associated with the nucleolar organizer regions (NORs) during mitosis. In situ, the expression of AgNOR proteins is measured globally by quantification of the level of silver staining using morphometry and image analysis. To go deeper into the understanding of the relationship between the cell cycle and quantity of AgNOR proteins, it was necessary to determine the phases of cell cycle during which expression of AgNOR varies and what are the most variable proteins in each phase. To answer these questions, we set up the protocol permitting to detect and quantify AgNOR proteins on protein samples electrophoresed and transferred onto nitrocellulose membranes. This approach makes it possible to quantitatively evaluate individual AgNOR proteins and identify them, using nucleolar, nuclear and whole interphasic cell extracts, and chromosome-associated protein extracts. By this means, we identified nucleolin and protein B23 as the two major AgNOR proteins in the nucleolus during interphase and subunits of RNA polymerase I and transcription factor UBF as AgNOR proteins remaining associated with NORs during mitosis. We also observed that the increase in the level of nucleolin and protein B23 in rat liver seems to be linked with the cell cycle and not exclusively with stimulation of ribosomal gene (rDNA) transcription. Similarly in synchronized cells, the amount of nucleolin rapidly increases when cells enter the S phase (1.6-fold of the value of serum-deprived cells at 9 h, and 2.35-fold at 12 h after refeeding). The amount of protein B23 exhibits a lower and progressive increase with a maximum when the percentage of cells in G2 phase increased, i.e. after 24 h of cell cycle stimulation. We consider that the amount of AgNOR proteins can be a marker of proliferation, because this amount is related to cell cycle phases, schematically low for G1 phase and high for S-G2 phase. Thus, it is a measure of the relative proportion of cells in each phase, and consequently of the timing of each phase. The higher value indicates that the major part of the cells are in the S-G2 phase and correlatively few are in the G1 phase, and this characterizes a rapid cell cycle.